ABSTRACT. Trophic factors in natural milk are potential mediators of the rapid growth of intestine in neonates. T o determine whether nursing stimulates growth and development of small bowel mucosa, litters of piglets were divided into suckled and artificially reared groups at birth. The latter animals were raised in an automated feeding device (Autosow) with an artificial diet simulating the nutritional composition of sow milk. At 2, 8, and 15 d of age, animals were killed and 10-cm segments of jejunum, mid-bowel, and ileum were removed. Mucosal homogenates were prepared for enzyme assay and measurement of mucosal mass. Mean body weight, total length of bowel, and circumference of bowel segments did not differ between the two feeding groups a t any age studied. As anticipated, mean mucosal ornithine decarboxylase activity decreased (p < 0.001) and measurements of mucosal mass increased (p < 0.001) with age; however, mean values for each of these measures were never greater in the nursed animals in comparison to the artificially reared group in any segment at any age. In addition, levels of disaccharidase activity did not correlate with the feeding regimen. To investigate the possibility that unanticipated growth factors in the artificial diet might have accounted for the apparent lack of trophic effect of nursing compared to artificial rearing, we evaluated the effects of this diet and of sow colostrum on %-thymidine incorporation in Swiss 3T3 cells in vitro. Colostrum, but not artificial diet, stimulated greater incorporation of 'H-thymidine than culture medium alone ( p < 0.005). The mitogenic activity of colostrum was not inhibited by the addition of neutralizing antibody against epidermal growth factor or IGF-I. In conclusion, the effect of nursing on growth and development of the small bowel mucosa in the piglet does not differ from that of rearing with an artificial diet, despite the finding that porcine colostrum has greater growth-promoting activity than artificial diet in vitro. Neither epidermal growth factor nor IGF-I alone in colostrum appears to be required for this mitogenic effect. Oral or enteral feeding is necessary for maintenance of normal small bowel mucosal mass and digestive enzyme activity in animals (1, 2) . Intraluminal administration of nutrient is also required for the initiation of adaptive growth of small bowel (e.g afterjejunectomy) (3, 4) . Enteral nutrients may promote mucosal growth directly or may act indirectly by stimulating secretion of trophic factors (5, 6) . Peptide factors that have been considered potential growth regulators for the small bowel mucosa include EGF, enteroglucagon, TGF, IGF-I, and insulin (7-1 1).
Small bowel mucosa undergoes rapid growth during the neonatal period (12) . Natural milk, the primary diet of neonates. contains both nutrients and growth factors (e.g. EGF, TGF, insulin, IGF, and lactofenin) (1 3-20) . Therefore, nursing might be expected to stimulate growth and development of the mucosa of the small intestine beyond the effects of ingested nutrients alone. However. previous studies of the effects of nursing and of natural milk on the small bowel have produced contradictory results (21) (22) (23) (24) (25) . Furthermore, administration of one of these growth factors, EGF, to neonatal rats in artificial diet has been associated with growth of small intestine only when provided at concentrations much greater than those occumng naturally in rodent milk (26. 27) .
In the present studies, we evaluated the effects of nursing, in comparison to artificial feeding, on growth and development of small bowel mucosa in newborn piglets during the first 15 d of age. Inasmuch as the manner of feeding (e.g. frequency and volume) may influence mucosal growth, an automated, artificialrearing device (Autosow) was used to provide feedings to newborn piglets in a physiologic fashion. To evaluate whether the artificial diet. which was similar to sow milk in nutrient composition and caloric content, might have contained factors with growth stirnulatory or inhibitory properties, we performed additional in vitro studies exposing murine Swiss 3T3 cells to artificial diet or porcine colostrum and measuring 'H-thymidine incorporation into DNA.
MATERIALS AND METHODS

Effects of rzursing arzd of artificial renrirzg on small bowel.
These studies were approved by the Institutional Animal Care and Use Committee. Crossbred sows from the closed North Carolina State University herd were brought into a fumigated, intensive-care, farrowing facility 5 d before their parturition date. Sows were thoroughly bathed and sanitized before entry and daily thereafter. At the time of farrowing, one half of the piglets studied were caught and removed to an isolated room containing an automatic feeding device (Autosow); the other piglets were allowed to remain with the sow and suckle ad libit~un (28) . Piglets for these studies came from a total of 13 litters.
The Autosow is a self-contained, computerized device for feeding and maintaining piglets in individual cages. Piglets in the Autosow were offered an artificial diet that consisted of nonfat cow milk solids, fat, vitamins, and minerals. This diet contained 20% solids, composed of 30% protein, 40% lactose, and 20% fat by weight (29) . The diet was similar to sow milk with regard to caloric density as well as the ratio of protein to fat and carbohydrate calories. Each piglet received 12.5 mL of diet/kg body weight/h. In previous studies, piglets raised in the Autosow with this diet gained weight at a rate comparable to that of nursed animals (29) . Animals were allowed to feed until the time of death and were killed by stunning and rapid exsanguination. Artificially reared and nursed piglets were killed alternately in litter pairs at 2. 8, and 15 d of age. Small bowel was excised rapidly and the length measured under uniform tension of a 40 g weight. Ten-cm segments of jejunum, mid-bowel. and ileum were removed (50-60 cm distal to the ligament of Treitz, 5 cm on either side of mid-bowel, and 50-60 cm proximal to the ileocecal valve, respectively). The segments were imgated with iced 0.9% NaCl. pH 7.4, immediately frozen on dry ice, and stored at -20°C for less than 1 wk.
Bowel segments were opened longitudinally on iced glass plates. Measurements of bowel circumference were made at both margins and the middle of the segment and expressed as the mean for each segment. Mucosal scrapings were collected using glass slides and homogenized with a Teflon pestle in 10 vol of iced 0.1 M NaPO, buffer, pH 7.2. ODC activity was measured as described by Luk and Baylin (30) . An 80-pL aliquot of the 1 :I0 homogenate was incubated for 1 h at 37°C with 0.5 pCi of D,L-[I-"Clornithine (Research Products International, Mount Prospect, IL) in an Eppendorf tube within a scintillation vial containing 50 pL of hyamine hydroxide. One-half mL of 0.2 M perchloric acid was then added to each tube and incubated at 37°C for an additional hour. The tubes were removed from the scintillation vials without disturbing the hyamine hydroxide; 10 mL of scintillation cocktail was added to each vial. Disintegrations per minute were determined in a liquid scintillation counter, and ODC sp act was expressed as the quantity of 14COz released per mg mucosal protein per h.
Measurement of DNA content was performed using a fluorescent dye microassay technique (3 1). In brief. a 20-pL sample of the 1:10 mucosal homogenate was added to 0.2 pg fluorescent dye (Hoechst 33258; Polysciences Inc., Wamngton, PA) in 2 mL 10 mM Tris buffer, pH 7.4, containing 0.1 M NaCl and 1 mM EDTA. The concentration of DNA was read directly from a TKO 100 mini-fluorometer (Hoefer Scientific Instruments, San Francisco, CA) calibrated with highly purified calf thymus DNA (100 pg/mL; Sigma Chemical Co.. St Louis, MO). Protein and disaccharidase assays were performed by modifications of the tnethods of Lowry and Dahlqvist, respectively, as previously described (32) .
All assays were completed in duplicate. Results are expressed as mean +. SEM. Statistical comparisons in each age were performed with the paired t test and among age groups with analysis of variance. For the latter groups. statistical differences were confirmed by the Scheffi. method at the 0.05 level.
Mitogenic eSfects of'art~ficial diet and of porcine colostrzlrn in vitro. Colostrum was collected from sows during farrowing and immediately stored at -20°C. Representative samples of artificial diet were stored in a similar fashion. The mitogenic activities of the artificial diet and porcine colostrum were assessed with murine Swiss 3T3 cells, a well-characterized cell line used to study the regulation of cell proliferation (33 In additional studies, polyclonal antibody to human EGF (a gift from Dr. E. O'Keefe, University of North Carolina, Chapel Hill, NC) and MAb to human IGF-I (SM 1.2, a gift from Dr. J. J. VanWyk, University of North Carolina, Chapel Hill, NC) were incubated individually at a dilution of 1:200 with 10% porcine colostrum and with MEM. Mitogenic activity was evaluated as described above. At a dilution of 1:50 000, the anti-EGF antiserum binds 50% of the mEGF in a I-ng/mL solution (34) . In a bioassay system using Balb-C 3T3 cells incubated with IGF-I (20 ng/mL), the IGF-I MAb inhibits 'H-thymidine incorporation into DNA to 50% of maximum at a dilution of 1: 100 000 and to 80% at a dilution of 1:1000 (35) .
All studies were performed in quadruplicate. Statistical analysis of the data was performed using analysis of variance and Tukey's method of multiple comparisons.
RESULTS
Erects of' nzrrsing and of artlficiul rearing on sinall bowel. Mean body weight did not differ between the nursed and artificially fed groups of animals at any age studied (Table 1) . Mean length of small bowel (ligament of Treitz to ileocecal valve) and mean circumference of each region of bowel (jejunum, midbowel, and ileum) also did not differ between the two feeding groups at each of the ages studied.
Mucosal mass of the small bowel, represented by mean DNA content of the mucosa per cm bowel length (Fig. I) , increased progressively between 2 and 15 d of age in both feeding groups in each of the regions of bowel studied ( p < 0.00 1, mid-bowel not shown). Patterns of increase of mucosal wet weight and protein content with age were similar to that of DNA content and, therefore, are not shown. For each of the measurements of mucosal mass, values from nursed animals did not differ significantly from those of the artificially reared piglets in any region at any of the ages studied.
Mean mucosal ODC sp act in the jejunum was elevated early in the neonatal period in both of the feeding groups (either 2 or 8 d versus 15 d of age, p < 0.001, Fig. 2) . However, mean ODC activity in the nursed animals was never greater than the mean level in the artificially fed group in any region of bowel at any of the ages studied (Fig. 2, mid-bowel not shown) . Mean ODC sp act was greater in the artificially reared animals only in the midbowel and ileum at 15 d, ( p < 0.025 a n d p < 0.002, respectively).
Sucrase sp act was negligible at 2 and 8 d of age in all animals. At 15 d of age, sucrase sp act was measurable only in jejunum and mid-bowel; mean sp act and total activity per cm of bowel length did not differ between feeding groups in these regions of bowel. Mean lactase sp act and total activity per cm of bowel length did not differ among the three age groups and did not differ between feeding groups in any region at any of the ages studied.
Mitogenic effects of artzjcial diet and of porcine colostrum in vitro. The incorporation of 'H-thymidine into DNA of Swiss 3T3 cells exposed to various media is shown in Figure 3 . Medium (MEM) containing 10% FBS, 10% porcine colostrum, 10% FBS + 10% porcine colostrum or 10% FBS + 10% artificial diet each stimulated greater incorporation of 'H-thymidine than MEM alone (p < 0.005). In contrast, the dpm/well did not differ significantly for medium with 10% artificial diet compared to MEM alone. Therefore, porcine colostrum, but not artificial diet, increased DNA synthesis to the range observed with 10% FBS. No additive increase was observed when FBS and porcine colostrum were combined, and no apparent growth inhibitory effect was demonstrated when artificial diet was added with FBS. No inhibition of 'H-thymidine incorporation into DNA was observed with the addition of either anti-IGF-I or anti-EGF antibody to 10% porcine colostrum. bowel mucosa in the neonate (7-1 I, [13] [14] [15] [16] [17] [18] [19] [20] . In addition, suckling activity, in itself, may promote bowel development (e.g by stimulating secretion of gastrointestinal fluids containing growth factors such as EGF). In an effort to evaluate the hypothesis that nursing stimulates small bowel growth, we compared the effects of nursing with those of artificial feeding on growth and development of the mucosa of the small bowel in newborn piglets during the first 15 d of life. We found that nursing, in comparison to artificial feeding, did not promote greater small bowel mucosal wet weight, DNA content, protein content, or length or circumference of the bowel.
ODC is an enzyme that contributes to the process of DNA synthesis; increased activity often serves as marker of stimulation of cell proliferation (8, 30) . A transient rise in mucosal ODC activity is seen early in neonatal maturation of the small bowel in rodents and is similar to the transient rise occurring during the initiation of adaptive growth of small intestine in adult animals (30, 36) . Alterations in mucosal disaccharidase activities also occur during bowel development in neonatal rats; near the time of weaning, lactase activity decreases while sucrase activity increases (37) . In the present studies, development of ODC and disaccharidase activities behaved as anticipated: mean mucosal ODC activity decreased while mean mucosal sucrase activity increased late in the suckling period (36) . Nursing did not appear to stimulate more rapid development of the small bowel mucosa than artificial feeding, inasmuch as the levels of enzyme activity did not correlate with the method of feeding. ODC activity was greater in mid-bowel and ileum of artificially reared animals at 15 d of age. The explanation for this observation is unknown. In an early effort to study the effects of nursing on small bowel in piglets, Widdowson et al. (38) found that suckling during the first 24 h of life led to growth of the mucosa of the small intestine, which did not occur in piglets fed water alone. However, this observation probably resulted from atrophy of small bowel mucosa in the starved animals; it has been shown subsequently that the weight of the small intestine of artificially reared rat pups varies with caloric intake (21) . The findings of more recent reports have been inconsistent; nursing has been associated with small bowel mucosal mass greater, less, or equivalent to that of artificially fed animals (2 . A number of methodologic factors may have influenced the results of previous studies, including evaluation only at 24 h of life, use of formula nutritionally dissimilar to natural milk, and nonphysiologic administration of the artificial diet (such as forced feedings).
In the present studies, animals were reared artificially in the Autosow to simulate the normal pattern of frequent feeding in suckled piglets. Diet was offered at hourly intervals and the animals fed voluntarily. The volume offered and nutritional composition of the artificial diet was similar to the milk intake of suckled piglets. The animals that were allowed to continue to nurse remained in litters of reduced size. Therefore, any tendency for nursing to promote growth of the small bowel mucosa should have been accentuated by the increased milk supply available to the suckled animals (2 1). Precautions to maintain a herd free of enteric pathogens make it unlikely that mucosal damage from infectious enteritis influenced the results of these studies. Had enteric infection been a factor in these studies, the outcome would have favored preservation of the mucosa in the nursing animals, because piglets normally receive protective maternal antibody from colostrum during the first 2 d of life (39) . It has been suggested that colostrum may have a greater trophic effect than mature milk (40) ; in this study, suckling piglets were nursed from birth and, therefore, were not deprived of normal exposure to colostrum.
Porcine colostrum, like the milks of a number of other species including man, contains high levels of a number of growth factors (EGF, IGF-I, insulin, and other growth factor(s) not yet identified) (15, (17) (18) (19) . The concentrations of these growth factors decrease 10-fold by about 1 wk postpartum, paralleling a similar drop in total protein concentration in natural milk. A basic premise in the interpretation of the present study is that the cowmilk-based, artificial formula did not contain growth factors as well, which might have promoted mucosal growth and, thereby, obscured any specific trophic effect of colostrum. To evaluate this possibility, we compared the mitogenic activity of the artificial diet with that of porcine colostrum samples, using an in vilro assay performed with Swiss 3T3 cells. Colostrum, but not artificial diet, stimulated greater DNA synthesis than culture medium alone, equivalent to the effect of FBS.
Both EGF and IGF-I have been shown previously to be mitogens in cell culture, including 3T3 and intestinally derived cells (35, 4 1-43) , and these peptides may have paracrine trophic effects in the small intestine (8, 44, 45) . However, in the present it? vilro studies, the lack of inhibition of mitogenic activity of porcine colostrum after addition of antibody against either peptide alone suggests that neither growth factor was individually responsible for this action.
In conclusion, the effect of nursing on growth and development of the small bowel mucosa in the piglet does not differ from that of rearing with an artificial diet, despite the finding that porcine colostrum has greater growth-promoting activity than artificial diet it7 vitro. Neither EGF nor IGF-I alone appears to be required in colostrum for this mitogenic effect. It seems likely that multiple factors contribute to the promotion of growth and development of the small bowel mucosa in the neonate. Therefore. in healthy newborn animals with customary nutrient intake, the trophic activity of natural milk does not appear necessary for normal progression of growth and maturation of small bowel mucosa. One can speculate that ingested growth factors might have a greater role during conditions of inadequate nutrient intake or recovery from enteritis.
